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Abstract

Aims Understanding the nighttime water use of typical forest tree species in the west Loess Plateau is crucial for
accurately evaluating the watershed-scale water and carbon cycles. However, the nighttime sap flow dynamics and
its response to environmental factors are currently unclear for typical forest species in the west Loess Plateau.
Methods We monitored the sap flow with thermal dissipation probes (TDP) and concurrent environmental
factors of Robinia pseudoacacia plantation and Quercus mongolica natural forest in the Caijiachuan watershed
from June to September 2021. The time series model (ARMAX model) was used to distinguish between nighttime
transpiration (Tn) and stem water replenishment (Re) in nocturnal sap flow (Onighiime). We used the machine
learning model XGboost and Shapley additive interpretation framework to analyze and explain the relationship
between Oyigniime and nighttime environmental factors.

Important findings The proportion of nighttime transpiration (Tn/Oxightime) Was 73.97% and 30.12% for the R.
pseudoacacia and the Q. mongolica, respectively, during the growing season. The proportion of stem water filling
(Re/Onighttime) Was 26.03% and 69.88% for the two species, respectively. The XGboost model showed that
nighttime vapor pressure deficit (VPD) and nighttime soil water content (SWC) were the main factors driving

AR H HiReceived: 2023-08-01 5% H #Accepted: 2024-01-16
FEETH: B R E SR IHRI(2022YFF1302501). Supported by the National Key R&D Program of China (2022YFF1302501).
* J@{51E 4 Corresponding author (myclover17@126.com)

©U 00000 Chinese Journal of Plant Ecology



AT REFAE: 5 PG 3R DX 2 S TR AR A A (R VBGAURFAE SO PR G A 7 RO 2 1129

ONighttime 10 R. pseudoacacia and Q. mongolica, respectively. VPD, nighttime air temperature (73), nighttime
relative humidity (RH), and daily sap flow (Opaiy) can promote the Onigniime When they reach 0.30 kPa, 19.84 °C,
85.3%, and 339.11 kg-hfl. For Q. mongolica, VPD inhibited Onighiime When it reached 1.5 kPa, while 7, and
nighttime wind speed (WS) promoted Onighiime When it reached 23.11 “C and 0.58 m~sfl, respectively. The effects
of SWC on Onigntime in R. pseudoacacia and Q. mongolica were similar. The SWC within 0-12.9% range would
promote the occurrence of Onighiime- Therefore, our study highlights the importance of considering the magnitude
of all environmental factors in establishing the nocturnal sap flow model. This study revealed the characteristics of
ONighttime cOmposition and their responses to environmental factors of two typical tree species in the west Loess
Plateau. Our findings are of great significance for accurately understanding the stability of typical forest tree
species in the loess region under climate change.

Key words nocturnal sap flow; environmental factor; nocturnal transpiration; the loess area; machine learning
model
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Fig. 1 Diameter at breast height (DBH) distribution frequency of Robinia pseudoacacia plantation (A) and Quercus mongolica

natural forest (B) in the loess region of West Shanxi.
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Table1 Statistical table of sample trees of Robinia pseudoacacia and Quercus mongolica in the loess region of West Shanxi, China

W Fh % Ji 4% e Tk T AR T

Species No. of sample trees Diameter at breast height (cm) Tree height (m) Crown area (m?) Sapwood area (cm?)

Pl R1 23.0 14.5 5.0 197.1

R. pseudoacacia R2 25.0 14.5 17.5 226.5
R3 12.0 10.0 2.0 66.4
R4 18.7 13.5 14.0 139.4
R5 8.5 10.5 0.6 373
R6 15.3 13.0 4.0 99.7

22 b Q1 18.0 10.8 14.0 99.4

Q. mongolica Q2 13.0 10.5 8.7 553
Q3 6.9 8.5 3.0 17.6
Q4 19.2 10.1 5.0 111.6
Q5 9.0 9.5 2.5 28.5
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Fig. 2 Changes of soil water content at different soil depths of Robinia pseudoacacia plantation (A) and Quercus mongolica natural

forest (B) in the loess region of West Shanxi.
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Fig. 3 Variations of environmental factors during the
observation period in the Robinia pseudoacacia plantation and
Quercus mongolica forest in the loess area of West Shanxi. p <
0.05 represents the significant difference between daytime and
nighttime environmental factors.
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Fig. 4 Sap flow rate of Robinia pseudoacacia (A, B) and Quercus mongolica (C, D) of sample trees with different diameter at
breast height (DBH) in the loess area of West Shanxi (mean + SD). A, C represent daytime; B, D represent nighttime.

2 B T XORFEAM B R RO A A 10 45 SR (T (H bR e 22)

Table2 The #-test result of sap flux of different stand in the loess area of West Shanxi (mean + SD)

Ky #HHOR H IR R IE) LR R IEV AR o5

Stand Daily sap flow (mm) Daytime sap flow (mm) Nighttime sap flow (mm) Proportion of nighttime sap flow (%)
LN 0.42 £ 0.26" 0.38 +£0.23" 0.03 £0.01° 10.68 + 1.05°

Robinia pseudoacacia

plantation

SRR AR 0.310.25° 0.29+0.16° 0.02 0.00° 12.75 £ 1.50°

Quercus mongolica forest

A FVNG TR AN RIS A7 7R 52 % 22 5 (p < 0.05)

Different lowercase letters indicated significant difference between different stands (p < 0.05).
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Fig. 5 Daily variations of stand sap flow for Robinia pseudoacacia plantation (A) and Quercus mongolica forest (B) and
proportions of nocturnal sap flow to total daily sap flow (C) in the loess area of West Shanxi.

F AR R T (BRI ERe (RIS %]
(KEl6A. 6B). GBI %N, FIFLN THRA A 75 B I B
£1$520:00-23:00- 3:00-6:00, 1f723:00-3:00 425 %k
IKEF B o S8 AR R SR PR B) 28 s B B 2H922:00-0:00
2:00-3:00, 2= T b 7K 5 20:00-22:00 . 0:00-2:00 F/l
3:00-6:00. FIFREN AR H A E) 20 & 5 Ltz & T
ZETHMVKE S LL(E6C) . TS H BRI AR H 4 4
K L R (E6D) . A K FERIFEN TS 5
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1 EISATT 41, 5 (K] VPD X 3 M Onighttime 2 IE 7]
BTHR, Opaity X FIAR Onighttime FTEZ M 5 VPD— 2. TIK
E RHEXT HIAR Onighrime 1 1E 17 TTRA E I 2. fHEISBH]
N, BURHISWCXS 52 BROnighttime 2 1E 1) TTRR  AHJ,
151 F] Opaity F1 T4 5 15 BR Onighetime 2 1 [7] TTHR o

P v R R AIE B B AT A1 B Y SHAP
FRAEEEE(E8C. 8D). AT LAAS 50, 520
PRI S T MR Onighteime 1) 32 52 R P 22 5 o AV AR
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Fig. 6 Hourly evaluation and distribution (mean + SD) of nocturnal transpiration (Tn) and stem water refilling (Re) to nighttime sap

flow (Onightime) in Robinia pseudoacacia (A, C) plantation and Quercus mongolica forest (B, D) and partitioning of Qyighiime into Tn
and Re in the loess area of West Shanxi.
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Fig. 7 Predicted and observed nighttime sap flow curves of Robinia pseudoacacia plantation (A) and Quercus mongolica forest (B)
based on the XGboost model on the test set on hourly scale in the loess area of West Shanxi. MAE, mean absolute error; MSE,
mean-square error; RMSE, root mean square error; R?, the coefficient of determination.
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Fig. 8 SHAP summary plot (A, B) and importance matrix (C, D) of Robinia pseudoacacia plantation and Quercus mongolica forest
in the loess area of West Shanxi. Op,iy, daily sap flow; RH, relative humidity; SWC, soil water content; T,, air temperature; VPD,

vapor pressure deficit; WS, wind speed.
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A LB A A LU A, T DA 5% P AR —
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Fig. 9 SHAP dependence plot of nighttime sap flow and environmental factors of Robinia pseudoacacia plantation (A—F) and
Quercus mongolica forest (G-I) in the loess area of West Shanxi. Opaiy, daily sap flow; RH, relative humidity; SWC, soil water
content; T,, air temperature; VPD, vapor pressure deficit; WS, wind speed.
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69.88%, il N AR 8] 27K & iy T 58 i B R AR
o CABFTT R IAE TR E] AN /KRR AR
FL7E14.7%-82% (Buckley et al., 2011; Wang et al.,
2012; Yu et al., 2018; Di et al., 2019; BlFHFHE%E, 2020;
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TEEEAEE, 2023). RRRIZKIRE 22 B TE) JXGE |
18] -39 5 /K B R T AR AR RN R HEAT [ 25
#il, JLE R A 2 (Di et al., 2019; Wu et al.,
2020; JCHEAFEE, 2023) AHXTTFIREER T, KK
TATHT— KRR /IR 2 1 293 (RS 2l (W et
al., 2020), PARTEASRHEQIR = w2 KD Fifz)
X (8] 7K 43 %D 25 1 52 Wi 55K (Wang et al., 2012,
2018).
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e AL, AR A 4 A1 RIRR A A1 2 F T 1) 26 s,
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X PRI R R B R S EUE R EAR, EHY)
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